INTRODUCTION
============

Aspirin and clopidogrel are the most widely used drugs worldwide following acute coronary events. The use of newer agents such as prasugrel and ticagrelol is limited by their high cost and low availability in many hospitals. The recommended dose of clopidogrel is 600 mg in ST-elevation, except in patients over the age of 75 years and those who received fibrinolytic agents \[[@R1]\]. However, there is no current consensus regarding the optimal loading-dose of clopidogrel. While 600 mg showed superior efficacy in primary and secondary outcomes, it was accompanied by higher incidences of bleeding than lower doses were \[[@R2]\]. Furthermore, studies presented two types of LDs including a *stat* (300 versus 600 mg) or short-term (such as 150 mg administered over 1 week). In addition, guidelines differ for the standardization of the most appropriate methods in each case of coronary acute syndrome. Several confounders

contribute to these differences, including genotyping, drug-drug interactions, the nature of the coronary event, and other comorbidities. Continuation of clopidogrel beyond the LD phase may also be considered when appropriate \[[@R3]\].

Genetic polymorphisms including that of cytochrome P450 (CYP) 2C19 contribute significantly to the racial differences in the metabolism of clopidogrel, which may explain some of the dosing variability \[[@R4]\]. Because clopidogrel is a prodrug, patients with non-functioning alleles may convert lower amounts to the active form, which may lead  to delayed drug responses, and higher rates of clinical consequences \[[@R5]\]. This phenomenon may raise questions about the validity of the LD of clopidogrel in many patients. However, since the drug effect is measured mainly by the P2Y12 reaction units (PRU), a concrete relationship has not yet been established by consensus. While some studies have reported no clinical association, others found significant clinical adverse effects and major outcomes \[[@R6]\]. In particular, following acute coronary syndromes, hypo-responsive patients showed a significant difference in clinical outcomes \[[@R7]-[@R12]\]. Vasodilator-stimulated phosphoprotein (VASP)-

guided dosing was assessed by some studies to determine adequately higher LDs. The administration of 1200 mg showed superior PRU inhibition and clinical endpoint values. However, some patients were very resistant even at high doses of 2400 mg while no major cardiac events were observed \[[@R13]\].

METHODS
=======

An experimental prospective clinical study, which recruited patients diagnosed with acute coronary syndrome by convenience sampling. The protocol of the study was approved by Prince Sultan Cardiac Center in Buraidah, Saudi Arabia, and conducted in accordance to declaration of Helsinki. All the patients signed the informed consent form before enrolment. In addition, patient privacy was ensured during the study period. The demographic, as well as the relevant medical and medication history of all the patients, were recorded. We enrolled patients who were diagnosed with acute coronary disease, were administered a LD of 300 mg clopidogrel, had a complete understanding of the research study procedure and were willing to sign the informed written consent form, and were able to follow simple instructions.

Genotyping
----------

The positive control human DNA CYP2C19\* 2 and \* 3, wild type, and heterozygous were all diluted 1:4. A negative control was also included for each run. The reproducibility was tested by analyzing nine random samples 10 times each (three of each wild/wild, wild/mutant and mutant/mutant). The mix and DNA for each sample were pipetted into the LightCycler capillaries, which were sealed, centrifuged using the LightCycler carousel centrifuge, and then placed into the LightCycler instrument. The denaturation, melting, and renaturation processes are shown in Fig. **[1](#F1){ref-type="fig"}**. The gradual increase should allow for monitoring the decline in fluorescence of the melting hybrids as a function of temperature. Fluorescence curves were analyzed using the LightCycler software (version 3.5.3)

DNA was isolated using the MagNA Pure LC instrument. CYP2C19\* 2\* 3 genes were detected using Oligonucleotide primers and fluorescence-labeled hybridization probes (Tables **1** and **2**).

PRU and VerifyNow^®^
--------------------

The VerifyNow^®^ (Accumetrics, Sandigo, CA) assay was used to detect the PRU values 2--3 days following administration of the LD (Accumetrics, Inc.). We have followed the standard manufacturer\'s recommendations, which have been added to the methodology as follows: Using an already fixed indwelling catheter, the first blood sample was collected firstly for genetic testing (Shouldn't be used for The VerifyNow^®^), whereas the second sample was used for PRU test. The blood was transferred in 2 ml tubes containing 3.2% Sodium Citrate. The tubes should be mixed gently about 5 times, and the recommended waiting time is 10 minutes to 4 hours before testing. We carried out all the tests after 30 minutes for all the patients to ensure the consistency.

Statistics
----------

The MedCalc^®^ program was used for the statistical analysis. Student\'s-*t*-test was used to determine differences while the Chi-square test and Chi-square test for trends were used to further examine the associations. We set the level of significance at 0.05.

RESULTS
=======

Descriptive Statistics
----------------------

A total of 90 homogeneous Saudi patients (63 male and 27 female patients) were recruited in the study (Tables **3**-**5**). The mean PRU of the patients was 195 (range 59-335). In addition, the mean level of inhibition was 16% (range 0--65%) (Table **6**).

The PRU of the female patients at 255.6 ± 68.8 was significantly higher than that of the male patients was (177.7 ± 66.6, p = 0.000). Likewise, no statistical difference in PRU among patients based on the number of involved vessels or diagnosis (Table **7**).

DISCUSSION
==========

Genetic testing and platelet reactivity have been suggested to be contributing factors to successful clopidogrel-guided therapy in long-term treatment \[[@R14]-[@R17]\]. However, evidence of the benefits of genotyping and platelet reactivity monitoring in acute treatment and short-term hospitalization is inconclusive. Therefore, this study investigated the clinical consequences of administering clopidogrel in combination with PRU monitoring during the first week following drug administration. The percentage of non-functioning allele \*2 in our study was about 33%, which is similar to previous suggestions worldwide \[[@R18]-[@R21]\]. Alleles \*2 and \*3 have been correlated with increased cardio- vascular and thrombotic events in some clinical studies, mostly cohort designs \[[@R14], [@R22], [@R23]\]. Allele \*3, however, was not detected in any of our patients (0%), and our results showed that there was no difference in genotyping measured by PRU during the in-hospital stay period among patients. An in-stent thrombosis was diagnosed in one patient whose inhibition was 30%, which was not significant. Furthermore, although a genome-wide approach may be more predictive, it may not be applicable to short in-hospital stays \[[@R24]\].

Although platelet reactivity is suggested to increase cardiac and thromboembolic events, the absolute cutoff range varied significantly (29--31). The initial PRU vary significantly and may range from 60-240 units \[[@R5]\]. In practice, thromboembolic events are likely detected when the PRU is higher than 240 units while bleeding complications are likely seen at PRUs lower than 60 \[[@R5]\]. A considerably more conservative range of 179--200 units (upper limit, 238) was proposed for patients undergoing PCI based on ischemic or bleeding events \[[@R25], [@R26]\]. In addition, a range of 180--200 (upper limit, 230) was suggested for patients with coronary artery bypass grafting (CABG) \[[@R27], [@R28]\]. Furthermore, the developers of the VerifyNow^®^P2Y12 assay have specified 194--418 as the normal PRU range, which can be measured ≥6 hours post bolus drug administration (Accumetrics). One of the largest published reviews including about 17 studies on this subject matter concluded that the optimal cutoff range is 95--208 for hypo- and hyper-response definitions, respectively \[[@R29]\]. However, the cutoff value in a Japanese study was suggested to be much higher at 262 units \[[@R30]\]. Our study showed a platelet reactivity of 59--335 units (117--267 units after adjusting for outliers), 2--3 days following LDs of 300 and 75 mg daily. Furthermore, we reported only one adverse incident, which suggests that this is a safe range for administration during in-hospital stays.

A higher PRU range may be associated with the number of vessels involved and timing of treatment initiation \[[@R31]\]. Furthermore, female patients tend to present with higher PRU values than male patients do, as shown in numerous studies \[[@R32], [@R33]\]. Our results appeared to present higher PRU values, in general than the previous reports did. However, the study did not show any significant difference based on the number of vessels involved. This could be related to the timing of the PRU testing. Another potential consideration is that the PRU should evolve over time and, therefore, the conclusion that these patients are hypo- or hyper-responsive cannot be accurately reached after this short time \[[@R34], [@R35]\].

Several protocols have been developed to ensure that patients are within the optimal PRU range, especially when a critical procedure is required. These protocols mainly include dose-adjusted protocols based on PRU or percentage of inhibition prior to the procedure \[[@R36], [@R37]\]. The differences in the outcomes of PRU studies stem from several factors including the LD, drug-drug interactions, daily doses during hospitalization, the timing of the test following the initiation, use of glycoprotein (GP) IIb/IIIa blockers or heparins, and genotyping. Another contributing factor is the compliance with the VerifyNow^®^P2Y12 assay protocol such as time to test following blood withdrawal, volume (mL) of blood to be discarded prior to collecting test samples, gauge size, and correct mixing the kit contents \[[@R38]\].These factors are rarely discussed or standardized among researchers or in their published studies, yet they may contribute significantly to the PRU readings.

CONCLUSION
==========

Genotyping might not facilitate the detection of hypo- or hyper-responsive patients during the first days of their hospital admissions but could be a predictor of future cardiac events. Furthermore, female could be at higher risk of future events based on their elevated initial response. Although it is difficult to confirm, a PRU of 117--267 could be a safe range for in-hospital stays for patients not undergoing any cardiac surgeries.

We would like to thank Mr. Abdullah Al-Marshad and Mr. Hamad Al-Bassam for their participation in data collection.

CONFLICT OF INTEREST
====================

The authors declare that they have no conflict of interest in this study, which was funded by Qassim University.

![Real-Time PCR.](DML-10-65_F1){#F1}

###### 

Pharmacogenetic equipment and materials.

  ------------------------------------------------------------------------------------------
  **Material/Equipment**                  **Manufacturer**
  --------------------------------------- --------------------------------------------------
  MagNAPure LC Instrument\                Roche Molecular Biochemicals, Mannheim, Germany
  LC Carousel Centrifuge\                 
  LightCycler Real time PCR machine\      
  LightCycler Capillaries\                
  Fast Start HyProbe                      

  Primers and probes                      TIB MOL BIOL, Germany

  Deoxynucleotide triphosphate            Roche Molecular Systems, Inc., CA, USA

  Magnesium chloride (MgCl~2~) solution   Hildon, Qiagen Operon GmbH, D-40724, Germany

  10× buffer                              Hildon, Qiagen Operon, GmbH, D-40724, Germany

  *Thermus aquaticus* polymerase enzyme   Amplitaq Gold, Perkin-Elmer Cetus, Norwalk, Conn
  ------------------------------------------------------------------------------------------

###### 

Master Mix final concentration.

  ------------------------------ ----------
  Magnesium chloride (MgCl~2~)   5 mM
  CYP2C19\*2\*3 primers          1 μM
  Specific primers               0.075 μM
  Hybridization probes           0.2 μM
  Sample DNA                     5 μl
  Final Volume                   20 μl
  ------------------------------ ----------

###### 

Disease characteristics.

  Diagnosis                      Number of Patients (%)
  ------------------------------ ------------------------
  Unstable angina (UA)           20 (22)
  Non-ST-elevation MI (NSTEMI)   34 (37)
  ST-elevation MI (STEMI)        36 (40)

###### 

Baseline characteristics of patients.

  Patients characteristics      n (%)
  ----------------------------- ---------------
  Age                           57.35 ± 11.71
  Sex: Male                     63 (70)
  Body mass index               30.14 ± 6.1
  Diabetes mellitus             53 (59)
  Hypertension                  49 (55)
  Hyperlipidemia                40 (45)
  Dyslipidemia                  4 (5)
  Single vessel disease (SVD)   40 (45)
  Double vessel disease (DVD)   32 (36%)
  Triple vessel disease (TVD)   8 (9%)

###### 

Concomitant medications.

  Drug                                                            n (%)
  --------------------------------------------------------------- -----------
  Aspirin on admission 325 mg                                     \(100\)
  Statins atorvastatin                                            78 (87)
  ACE inhibitors/ARB lisinopril or losartan                       42 (46.3)
  Beta blockers metoprolol or atenolol                            79 (88.2)
  Calcium-channel blockers long-acting nifedipine                 \(15\)
  Nitrates isosorbide dinitrate                                   30 (50)
  Diuretics spironolactone or/and furosemide                      34 (37.3)
  Anti-Diabetics metformin                                        53 (58)
  Antacids omeprazole, lansoprazole, ranitidine, or famotidine.   \(100\)

###### 

Genotyping and measurement of non-functioning alleles.

  **Genotype**   **Number (%)**   **P2Y12 Reaction Units (PRU)**   **Inhibition Rate**
  -------------- ---------------- -------------------------------- ---------------------
  1/1            60 (67)          193 ±79                          17.9 ± 18.80
  1/2            2(3)             NA                               NA
  2/2            28(32)           212 ±55.4                        13.88 ± 11.5
  \*3            \(0\)            NA                               NA
  p-value        NA               0.349                            0.135

NA, not applicable.

###### 

Mean P2Y12 reaction units of different diseases.

  **Character**   **Mean PRU**
  --------------- --------------
  STEMI           193.1 ± 69
  NSTEMI          181.1 ±72
  UA              224.1 ±82
  SVD             194 ± 74
  DVD             197.6 ±78.1
  TVD             192 ± 69
